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SPECIFICATION 

1. TITLE OF THE INVENTION 

Device for Detecting a Residual Quantity of Liquid 
within a Tank 

2 . CLAIM 

1. A device for detecting a residual quantity 

of liquid: 

a tank into which the liquid is injected; 

a space connected with the tank through a passage; 

a pump for applying pressure to the space; 

a first valve for opening and closing the 
communication between said passage and the atmosphere; 

a second valve provided in said passage for opening 
and closing the communication between the tank and the space ; 

a pressure sensor for detecting pressure within 
said space; 

a display unit for displaying a residual quantity 
of the liquid within the tank; and 

a controller for controlling driving of said pump 
and opening and closing of the first and second valves, 
calculating an air volume within the tank from a detection 
signal of said pressure sensor and from the volume of the 
space, calculating a residual quantity of the liquid within 
the tank from the volume of the tank and from said air volume, 
and outputting a display signal to the display unit. 

3. DETAILED DESCRIPTION OF THE INVENTION 
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[Industrial field of utilization] 
The present invention relates to a device for 
detecting a residual quantity of liquid injected within a 
tank, such as a device for detecting a residual quantity 
of gasoline within the gasoline tank of an automobile, or 
a residual quantity of kerosene within an oil stove. 
[Prior art] 

In this kind of residual quantity detector, it 
is common practice to set a float within the tank and detect 
a residual quantity from a vertical change in the liquid 
surface . 

However, in this float method, when a vehicle stops 
on an inclined surface such as a sloping road, or when a 
liquid surface undulates due to vibration during travel, 
the position of the float is liable to change and therefore 
a residual quantity cannot be accurately measured. 
Particularly, when the residual quantity diminishes, it is 
inconvenient for the user of an automobile not to know an 
accurate residual quantity. 

There is a method of measuring the quantity of 
fuel consumed through a fuel pipe, and detecting a residual 
quantity by subtracting the measured quantity from the fuel 
injected into a tank . In automobiles , etc . , if the quantity 
of oil is input to a detector when oil is supplied, a residual 
quantity cannot be displayed. Thus, this method causes 
inconvenience. Even when the quantity of oil supplied is 
input, there is a possibility that if errors are cumulated, 
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an inaccurate residual quantity will be displayed. 
[Object of the invention] 

The present invention has been made in order to 
overcome the above-described disadvantages . Accordingly, 
it is the object of the present invention to provide a device 
that is capable of accurately detecting a residual quantity 
within a tank without undergoing the influence of a tilt 
of the tank, vibration, etc, 

[Construction of the invention] 

In accordance with the present invention, there 
is provided a device for detecting a residual quantity of 
liquid. The device includes a tank into which the liquid 
is injected; a space connected with the tank through a 
passage; and a pump for applying pressure to the space. The 
device also includes a first valve for opening and closing 
the communication between the passage and the atmosphere; 
a second valve provided in the passage for opening and closing 
the communication between the tank and the space; and a 
pressure sensor for detecting pressure within the space. 
The device further includes a display unit for displaying 
a residual quantity of the liquid within the tank; and a 
controller for controlling driving of the pump and opening 
and closing of the first and second valves, calculating an 
air volume within the tank from a detection signal of the 
pressure sensor and from the volume of the space , calculating 
a residual quantity of the liquid within the tank from the 
volume of the tank and from the air volume, and outputting 
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a display signal to the display unit* 

With this construction, driving of the pump and 
opening and closing of the first and second valves are 
controlled , and based on a detection signal from the pressure 
sensor at that time and the volume of the space, the air 
volume within the tank is calculated . Based on the air volume 
and the volume of the tank, the residual quantity of the 
liquid within the tank is calculated. 

[ Embodiment ] 

Figs. 1 and 2 show an automobile gasoline tank 
to which the present invention is applied . In these figures , 
reference numeral 1 denotes a gasoline tank with a volume 
of Vo (hereinafter referred to as a tank) . Reference numeral 
2 denotes a pressurized chamber, which is a space with a 
volume of V2 , connected to tank 1 through a passage 3. 
Reference numeral 4 denotes a pump for applying pressure 
to the pressurized chamber 2, 5 denotes a first valve for 
opening and closing the communication between the 
pressurized chamber 2 and the atmosphere, and 6 denotes a 
second valve, provided in the passage 3, for opening and 
closing the communication between the tank 1 and the 
pressurized chamber 2. Reference number 7 denotes a 
pressure sensor for detecting pressure within the 
pressurized chamber 2, 8 denotes an oil supply port, and 
9 denotes gasoline injected within the tank 1. Reference 
numeral 10 denotes a port for supplying gasoline to an engine . 

Also, reference numeral 20 denotes a controller 
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for controlling the driving of the pump 4 and opening and 
closing of the first and second valves 5 and 6 , and calculating 
a residual quantity of gasoline within the tank 1 and 
outputting a residual quantity display signal to a display 
unit 26. The controller 20 is made up of a microcomputer 
21 for measuring a residual quantity, a differential 
amplifier 22 for receiving a detection signal from the 
pressure sensor 7, an A/D converter 2 3 for converting an 
analog signal of the amplifier 22 to a digital signal and 
outputting the digital signal to the microcomputer 21, a 
drive circuit 24 for performing the driving of the pump 4 
and the opening and closing of the first and second valves 
5 and 6 by a signal output from the microcomputer 21, and 
a display circuit 25 for driving the display unit 26 by a 
signal output from the microcomputer 21. 

Next , a procedure of detecting a residual quantity 
by the above-described construction will be described along 
with a flowchart shown in Fig. 3. The detection principle 
is to calculate a gasoline residual quantity V3 by detecting 
the air volume Vi of the tank 1 and subtracting Vi from the 
tank volume Vo- 

Initially, the known volume Vo of the tank 1 and 
volume V2 of the pressurized chamber 2 are stored in the 
memory of the microcomputer 21 (step Si) . In a normal state, 
the first valve 5 and second valve 6 are both made open so 
that the pressure within the tank 1 and within the pressurized 
chamber 2 is the atmospheric pressure Pq (step S2). 
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When measuring a residual quantity ( "YES" in step 
S3), pressure is first measured by the pressure sensor 7 
(stepS4) . The measured value at this time is the atmospheric 
pressure Po- Thereafter, the first and second valves 5 and 
6 are closed (step S5), and the pump 4 is driven (step S6) 
in order to increase the pressure within the pressurized 
chamber 2 to a previously set pressure P3 (steps S7 to S9). 
At this time, the pressure within the tank 1 remains Po- 
Next, the pressure within the pressurized chamber 2 is 
measured by the pressure sensor 7 and is represented by Pi 
(step S10) • 

Next , only the second valve 6 is opened ( step Sn ) , 
whereby the pressure within the pressurized chamber 2 is 
made the same as the pressure within the tank 1 . The pressure 
at that time is measured by the pressure sensor 7 (step S12) 
and is represented by P2 . 

If the air volume of the tank 1 is represented 
by Vi, the following relational expression is given by 
Boyle-Charles law: 

P0V1 + PiV 2 = P 2 (Vi + V 2 ) 

Hence , 

Vi = {(pi-p 2 ) / (P2-P0H x v 2 

Thus, the air volume Vi of the tank 1 is calculated (step 
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Sl 3 ). 

Therefore , the residual quantity V3 of gasoline is calculated 
as 

V 3 = V 0 - Vi 

(step S14)- After the gasoline residual quantity, based 
on the result of calculation by the microcomputer 21, is 
displayed on the display unit 26 , the processing flow returns 
to step S2. 

A judgment in step S3 of whether pressure is 
measured may be performed at intervals of a fixed time, or 
may be performed manually from the driver's seat. 

Strictly speaking, Boyle-Charles law includes a 
temperature term, so if a compensation for temperature is 
made with signals detected by temperature sensors provided 
in the tank 1 and pressurized chamber 2 , accuracy of detection 
can be further enhanced. 

[Advantages of the invention] 

According to the present invention, as described 
above, the air volume within the tank is calculated and the 
residual quantity of the liquid within the tank is calculated 
from the calculated air volume. Therefore, even when the 
tank is tilted, or the liquid surface undulates due to 
vibration, an accurate residual quantity can be always 
detected without undergoing the influence of a tile of the 
tank and vibration and without having cumulated errors . 
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Particularly, in automobiles, etc., when gasoline within 
the gasoline tank runs short, the residual quantity can be 
accurately displayed and therefore users can accurately know 
the timing at which oil is supplied. 
4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram of a device for detecting a 
residual quantity of liquid within a tank, constructed in 
accordance with an embodiment of the present invention. 

Fig. 2 is a block diagram of the controller of 
the device shown in Fig. 1, and 

Fig. 3 is a flowchart showing how the device is 

operated. 

1 Gasoline tank (tank), 

2 Pressurized chamber (space), 

3 Passage, 

4 Pump , 

5 First valve, 

6 Second valve, 

7 Pressure sensor, 

20 Controller, 

26 Display unit. 
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